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Evaluation of Health Exams on Local Vibration
Iliness among Shipyardw Workers

Yeong-Su Ju, Hong-Ryul Choi, Mi-Kyong Kim, Hong Sohn,
Sun-Ja Jeon, Sung-Il Cho*, Hyong-Sik Kim

Occupational Medicine Institute of Okpo Daewoo Hospital, Harvard School of Public Health®

A hand-arm vibration syndrome, local vibration illness, occurs in some workers who use
hand held vibration tools. 1t consists of white fingers, diffusely distributed finger neu-
ropathy, pain in the hand and arm, and a small excess risk of ostecarthritis. This study
is aimed to identify effective methods to confirm local vibration illness among various
health exams, which are mentioned in worker s special health exam regulation. In addi-
tion, this study is aimed to quantitatively assess the daily vibration exposure level as a
major determinant of vibration illness,

The subjects, 46 vibration workers, were selected according to the results of the first
special health exam about vibration hazards at shipbuilding industry in 1997. They all had
experiences of work related blanching of fingers. Fifteen controls, who had no vibration
exposure at all, were also recruited to compare their test results with the results of vibra-
tion workers. We adopted 1 subjective and 6 objective tests to evaluate the effectiveness
and feasibility for confirming local vibration illness. These tests were history taking of
subjective symptoms according to the Stockholm classification, checking blood pressure of
finger, checking grasp power, checking finger skin temperature, nail-bed pressing test,
vibration perceptional threshold test, and skin prick test for pain perception. Among these,
checking skin temperature, nail-bed pressing test, and vibration perception test included
cold water provocations, We also estimated some vibration exposure levels of hand held
vibration tools by using previously published data from one automobile company.

In conclusion, history taking of subjective symptoms according to the Stockholm classifi-
cation, nail-bed pressing test, and vibration perceptional threshold test were discovered to
be effective to diagnose local vibration illness. Furthermore, vibration perceptional
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threshold on right fingers showed a dose-response relationship to daily vibration exposure
levels. The parameter # was 0.0005(+0.0002), and statistically significant by REM (ran-

dom effects model).

Key Words :
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Abislel @ie ANEFL JBFT AR 7
A F/HE PR AAVIE AR FAAFT
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AFRE It T AFFsel i FHe] BHE
o} F7Vet7] AlZ8lRth (Hamilton, 1918). ©)ZA
HEang FAELS U7l &8l g € ¥ HE
Al Wdts @43 F9o) G EHA wkg-Ehy &Ee
Zzto]l BOojRAY glolAa B&5E Fukste A
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dEFAM HFHE AETT /7 L OGS
FHAAA, E P1HE 7] 3k AYPAIte] ¢
FEEA, FAAAE F o2 TAE /4
TR F43) S Aoz gAYk

Aoz Z2He AFL 4 AFH} A3
E AR UE F ded, 32 A% 22 F
A2 % (hand-arm vibration) o1& AEFT AR
Z sugdg 23 &0 gz Agge AeA3S
E , AARFOl@ AglE we g, golilE
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ollel &, FT9) THH I8/ AHH 1A &

Hand-arm vibration syndrome, shipyard worker, random effects model

o] 1 AR 8JEE A Urh

olF fl9] TWAHARR] Fi FF] 9§ A7
ol Afe 9 E34EA 8 (traumatic vaso-
spastic disease), Z#¥A ¥l1¥ (spastic anemia),
AP Ee 223 #Holkz WA (Raynaud's
phenomenon of occupational origin or sec-
ondary origin), FEFHEA HNA] (vibration
induced white finger, VWF) 53 2 o2j
Hoz B2l9A $=d], 19833 A 3] 2ol
FAANFFF T (Hand-Arm Vibration Syn-
drome, HAVS)ol& 802 BdHUEA, thd
2E 84E, & PSP (FHrZoz )
&rte] lEAe @7t AV ;s AT 2 &
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1 gEEo] 75 (feasible) Sha #AHe] A Abel
€ 2 HristeX g wWEdoEM, g o a7
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gt ok, AFZERFEN AFIAY7IL Fol
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AEHE 5407470 g T2 3558 30N &
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olvf Q] Fofl FR|F Aol U n $HEF
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2, olgt T XFEHFo AE @] g, W
4 HYE TYst AMFE 222 159 vad
(controls) 2.2 AHgle AFF APsigc), A
& Agstd AFRLAE AR E @gdovt, Al
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olfHA HAIGE (FAYLAAL dHAHAL FAAR
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3 nE22 .

el ‘:H 3 FRE AR AT H3xE
oA &4 TS B8 A 4 HyEs EdR
2EZE {f':%'% deste Hsigto g Faitt
(Table 1, 2) (Gemne et al, 1987).

FA g HE == Infrared Tympanic Thermo-
meter (Genius, model 30004, U.S. A.)E ©]&3}
o &t o gRexd AU n, FAYLS
Digital Blood Pressure Monitor (OMRON,
model HEM-812F, Japan) & ©)&3t 2z} &vle
& 294 ARA7A ARlEkd %71 9 oley]
< 23893, A0 4HAE Beltone Audio-
meter Beltone, model 112, U.S.A.) 9 FE&%
71% o83l 250Hze} 500HzolA Atk oz &
ZAA wrle JFRAJAAGA] (o1F, A5z
Z 37NE BF}AH(1FY F, 1993 °1F
=, 1994), £EANAAR:E FAAPE ARk £
£ 1027 93k 3 giA 25X E o] &3t &
%"9‘@"] R eH7R dele AlE 10089 1
z FE7H 3393, B4AAE 23GY FAR
£ o83l HAxte] & & 43 v E SR

257} "c}
AzE

g

A& 7PEA AFdd fAx wile 5F5E-E
AR 5o} 533 viwstdaA At o (e
FHRAES, 1993), <HE& Grip Strength
Dynamometer (TAKEI, model T.K.K. 5101,
Japan) & o|43la] ¥ Wl Ax £ e 248
o 1 F Z g B AME3AT

3 2 QAR EE Algsted, oAt 18H 3
AL 1ol gzt 107 g 408 ~1A17 Fx ]
|

AFoME FAE W3 (1996) 9] 3] =
[ S ﬂ%ﬁ%
ak% £ ATaREe) NEBT SHoR A8k
oz Aol Zxusl) AgslE T1RA

28 thlstaust v}ﬁt d, o1& AFTTES A,
AL (rpm), 12T AYRAES] 2A(TA) 5E
73] zelsl], 2 A7 ARIACIM AMgstn
e 7F A 2EklY, YdEAS], 2Pa)n
s ge sigich.

AFZ2E FFsste APde ISO 5349904

Table 1, Stockholm workshop scale for classification of cold-induced Raynaud s phenomenon in the

Hand-Arm Vibration Syndrome*

Stage Grade Description
0 - No attacks
1 Mild Occasional attacks affecting only the tips of one or more fingers
2 Moderate Occasional attacks affecting distal and middle (rarely also proximal) phalanges of
one or more fingers
3 Severe Frequent attacks affecting all phalanges of most fingers
4 Very severe As in stage 3, with trophic skin changes in the finger tips

* The staging is made separately for each hand. In the evaluation of the subject, the grade of the disor-
der is indicated by the stages of both hands and the number of affected fingers on each hand.

Example: “2L(2)/1R(1)", "-/3R4)" etc.

Table 2, Stockholm workshop scale for classification of sensori-neural affects of the Hand-Arm

Vibration Syndrome*

Stage Symptoms

0 SN Exposed to vibration but no symptoms

1 SN Intermittent numbness, with or without tingling

2 SN Intermittent or persistent numbness, reduced sensory perception

3 SN  Intermittent or persistent numbness, reduced tactile discrimination and/or manipulative dexterity

* The sensori-neural stage to be established for each hand.
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AN dY AFF2F(daily vibration expo-
sure) A& o] & AT (SO, 1986). ol 71&
Row AFEZE 1% 4-A3 71&@-hour daily
vibration exposure)2.2 AXtsta ], Y
AFE2F Addde Fos-Ite NFFE(fre-
quency-weighted vibration level) ¥ &%% £
B2A|ZF(daily exposure time, in hour)ell ¥
AR7r e} AN o (2] 1) 2

Ad)=a, \/%

A(4) = daily vibration exposure

1

a,, = frequency-weighted vibration level mea-
sured on the tool

T = daily exposure time (in hours)

T, = reference time of 4 hours

gkeke], 227} 2700l de] A EFTE AHEEIL
AT, F 9Y AFEEFe O3 AN 47
9] AFFTE NeEZFE AN F (¥ )
o] & dd AFE2 & (total daily vibration
exposure) S A& ¥ 4 9o},

Ad)y=a,-" % (4 2)
n
A =\ A4y (4 3)

i=]

Ai(4) = daily vibration exposure for tool i

A(4) = total daily vibration exposure

a, = frequency-weighted vibration level mea-
sured on the tool i

T, = daily exposure time (in hours) for tool i

T, = reference time of 4 hours

4, A 2A

WA, A J3E 4 A Yoz EHT &
2ol HAMAFHE L AFAF ulolot2E & 5 3l
ojA MM RF At ¢4 dEs £4
& B3 W BE $& 4mEn, EMHE
o A g WEY] Astd HNAY AH (log-

log transformation) & %3l MEE& ¥sE YA
glglen, olF 4§ (Spearman, Pearson),
HFXAA (Student t-test, Wilcoxon rank
sum test), FAHEA (1-way ANOVA), 7lol24]
o173 (Fisher s exact test X & H L34 7]
£1 ¥4& Y} olF FAMELE, &
EFaiAAlL AR Ase FYT &b
£ Albe] B uhel NESA 33 FF (FEA
W A, R FE IR BT ZHREEED
£ 7L B, o] 7|A FFAE EFst 4
3 WHEa2YE 23Fs JFe A8 (auto-
correlation) & I# 3l REM (random effects
model) & A &3 o|AHQ FM = ST

o172}
1. MEsETY 5o

o2 Table 3& ZAAM&d W3 (1996) ] 23
239 B AR A5FTF FAAM, ¥ Axua
AEe] AHgste AFFTl AT AT A
FET FRY SA@UECD O dgdl BReFe
Table 4 EA £ 4704 2L AMg=n
Ae AFFTE FA, AT (pm & BEdFes B
2A, AF o] & Table® HE £ 479 %2 H
Jtell o148 NFFTT(BA)EC AAY A
AEFTEAYE HH3 daxges ¢ & Ut

2 SHUZI vLT| YH SN BlL U
ASTLR A 54 24

A5} A¥I} WNE] Mg Fadtin
g e ¥Med A=Y Ae HWF 38.294,
36. 372N, EFAE T 811 -4, 9.36% -
W) 3 o8] % Fe] Aoz} YA (Table 5).
gAY s APAA EHES AuE
A, Z2A 119 2FA7INe] HFE 11.960]
I, 4YBHF JAFEZ 5L 31.3Tm/E, R F
AEAYAIZE BF 356413, 28] 2GAd FAL
# & AMgdle AEETe e i 13970 A
o2 FAERIHTable 6). £8, ©lg8< AJTE
2z AuEd, HRA (BHAME Fd, ol H
Fe} ghel 16822 7} Bkx, &30l 159, =
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(Table 7), AFFTTE ABAGEE 2439 2
%, 7Ax zEly AMERE - Bk (279),
ol & 4917 z2keld (18%), ABHT (10%8) 2] &l

At} (Table 8).
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ERY DSHASY 24
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v mFd v]dte] & (stage 101491 A2 24 o

RZtSA B3

o Qe o
.92 &
4. 9xgk

ABAYFVE

ESVE N

sg o) SHEnt
2 oY 4 3

ol Mo

)
e

o to
2 ox A
o fob
fo b
kU ml°

—{o
Ao

ol FolstA wkeH, ole
A FdsA FFEA

£
o] 2jo)Z FA] Akl
2asi 2 24w, 22
&) F2u) 1.56M B

81t} (Table 9).
FEA)N £ 4330 2k Aoz AAW
& AEAY AR 468 TN 319 (67. 39%)
A, 4ol dehirl Alake Ade Adrial

Table 3. Characteristics of prototypal tools, being used in calculating individual daily vibration exposure

levels

. ) ) Frequency-weighted
Type Weight Free running Main vibration level(m/s%) Total*
of tool (kg) speed (rpm)  frequency (Hz)

X Y y/ (m/s”)

Grinder

1.5 , 2 18.35 4.1 1 1
(Dag 100s) 8,000 00 8 24,19 23.10 38.15
Impact 2.16 4,500 63 11.55 6.96 10.29 16.95
wrench
chipping 1.8 3,600 40 14.76 16.56 14.76 26.65
hammer
calking 0.83 6,000 400 7.28 6.49 7.28 12.17
hammer

* ! Total frequency-weighted vibration level = a,

Table 4, Characteristics of vibration tools, being used by shipyard workers, presently

Type Weight (kg) Free running speed (rpm)

1 inch 0.64 22,000
Grinder 4 inch 1.5~1.6 8,800~12,700

7 inch 2.3~2.7 6, 000~7, 600
Impact wrench (bolt:6~43mm) 0.8~17.0 3, 500~8, 500
Chipping hammer #19~22mm) 1.0 5,000
Etc (calking hammer, spray...) - 0.83 - - 6,000 -

Table 5. General characteristics of vibration workers and controls
Vibration workers Controls
Variables (n=46) (n=15)
Mean=+SD Mean+SD

Age(yr) 38.29+7.45 36.37+10.02
Smoking history (pack year) 8.11+7.24 9.36+8.58

: there are no statistically significant differences between two groups.
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F B 9,134 Aoz EAEAYH(Table 9).

AZAR(EEF /M FLF dFos A Ude
AR, 434, &%, M9 AF A AJEF
92 AFAYEAE B8 2 ), F A5
N BZPAE F FAAAFA TR AR 8
71 e B sjolrt #as ] ggtont, 4
BE AEE2 59 5HF F AFAPAN £
Aol ohE F M 2ARdel vlsld feosiA =
£ &3 28§ EY}HTable 10).

4, VYRR SN

e #7308 $8AM #<dd TP BUE &t
g (583 BUEE T4 ¢ A5 WA &

o

Table 6. Work related histories of vibration
workers

el AgEs BE 4UEdgdE, 2 3
AgEel JBYE B8 E A, £Y@ AN
PHEDS RAR B $F S FBYEG A

Table 7, Number of workers according to job cat-

egories
Job Number of
workers (n=46)
Pre-welding preparation 16
Welding 15
Painting 6
Piping 3
Grinding 1
Blasting 2
Etc 3

Table 8, Number of users, according to vibration

Vibration workers tools
Variables (n-46) Type Number of workers using
Mean=*SD vibration tools(n=46)

Duration of vibration work {yr) 11.96+4.90 1 inch 1
Daily vibration exposure level Grinder 4 inch 18
{(4-hour, m/s") 31.37+14.86 7 inch 27
Hours of vibration work per day 3.56£2,41 Impact wrench 3
Number of using vibration Chipping hammer 10

tools per worker 1.39+0.68 Etc {calking hammer, spray...) 5

Table 9, Vascular and sensori-neural symptoms on fingers by groups

Vibration workers* Controls
Stage (n=46) (n=15)
Left (%) Right (%)** Left (%) Right (%)

0 34 (73,9) 2 (69.6) 15 15

1 mild 6 (13.0) 7 (15.2) 0 0
Vascular 2 ' moderate 5 (10.9) (13.0) 0 0

3 : severe 1(22) 1 (2.2 0 0

4 : very severe 0 (0.0 0(0.0 0 0

0 SN 29 (63.0) 19 41.3) 15 15
Sensori 1 SN 15 (32.6) 24 (562.2) 0 0
-neural** 2 SN 2 (4.3 3(6.5 0 0

3 8N 0 (0.0 0 (0.0 0 0

* 1 p{0.05, by Fisher s exact test {comparing stage 0 to others between two groups, in all combinations)

: only sensori-neural symptoms of right hands are more common (RR=1.56, p <0.05, comparing stage

0 to others, by chi-square test) than left, within vibration workers

cf. Onset of symptoms after beginning the work (yr)

1 9,13+4,13 among 31 vibration workers
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Table 10, Comparions of onset of symptom, daily vibration exposure level, and duration of vibration

work among three major jobs

Pre-welding preparation Welding Painting
Variables {(n=16) (n=15) (n= 6)
Mean=+SD Mean+SD Mean+SD
Duration of vibration work (yr) 10.38+5.32 14,18+4. 14 11.54+6. 02
Daily vibration exposure level (4-hour, m/s) 31.77£12.48 26.99+9.32 50.97+19.03"
Hours of vibration work per day (hr) 3.05+1.93 1.86+1.00 7.00+0.89"
Onset of symptoms after beginning the work (yr) 7.60+4. 60 10.78+4. 74 10.20+3.03

* : painting job has significantly higher daily vibration exposure level and hours of work per day than
others(p € 0.05, by 1-way ANOVA with Duncan comparison between three jobs).

s, del x}z}%—w BHNRA A2 ZA3
o folg A (r=0, EEERE

~0.70)°l,
53/ 99 LA xm%@ 9 PANAA A2
ZA3rel fold ABA (=028~ 0.36)°], ‘EF
A} DEFAAAAR & AAFAEOIU
FA R LR o] felg ATl E@
gaggen, ol £EGUHAS EUAEA
A O feld ARl BAIYT. 537
Zte) AE B3 SEA AABAET AT
exANATste folg 44 (r=0.23~0.30) ]
S5 3 Stk 7N Fel¥ REE AABYAA
s, £EQUAL, AERAAA, TR FANR
LEQNE MRzt ‘ol 4wy ezd 1 4
BASE 28 3A gouk(|r|=0.2~0.4), I

A vehda e FEolv(Table 11).
b, ZSAAT 0t BlmTZie] AR Y
Him

T Table 122 JFAAa vlmzztedl F4Y
g & (EL, &9 FFAE N2 vad 2

olty, 571% w3 REE AR dF & A
A Erier 7RSS gE] vlamdA SEdEA

AFAARAREC) DBIA FA@ Aol FE 7
Agel e Aolg ekl Aelm, oldl v
o FAYY, FAPFLE, o S dvHen
Fol@ AolB NeAFA Radn Urke ol
B2, WAYHE 239 2PUS) PR e feol
Aol HoAFm QA REAWL, olEL oleia

BEAste ARve FAA zE

o

WAl oz

& (longitudinal data analysis)o.2 H<
3t zlo] Bt FE3s7] wifel ¥ REMoZ
a2 zolE ohA] g EHRls] BitH(Table 12). &
A e WA E ¥ 3t Aelvt 1L,
YReaE BZRIAFEe] 28t AF-E caseR
A Al BN E o] Al {3t ztolrt gdUTh
(Table 13).

6. YIESHE AUTSBSO| et AN K&

=

HHEERE Aafe PANREEAAL SEEY
AAL, AEALHAAD7L Qlen, ol J|HAE
(0 min data) ¢} 1085t} Bzprst 23 53
% k(10 min data), WAR3HEEF S5EAAANA
o 4% (15 min data), BAHITEF 108
ARA A 23§ (20 min data) &2 FAHH
sltt. REM (random effects model) & ©]-8-8le]
BEAE Ay, £AHRLEAAAE ojHg §9
g ztole gldA] gsteyt, £FWAEAe AE
AnAAe A$e AFAYFH vt 2T
Felgt aolzl ERIHAR($EF SHFHAANE A
AR A2 #93), 1 FolA +F SFELWEAL
9] A%E 9FAE {3 AR, +F NEZ
47 e Ase dd AFEZFEUT FAT Q@
#Ae] F712 EAHEYY, +&F AFHAFAE =
a-2a2 HYsle] 298 e o, 49 AF5F
2470 72 0.0005(+0.0002)cl1%len, AL
1. 3561 (0. 0085) |2 th(Table 14).

— 420 —



Table 11, Correlation matrix of test methods, Spearman correlation coeff. (p-value) (n=61)
VSL | VSR | SNL | SNR | SPL | SPR | DPL | DPR | STL | STR | RPL | RPR | VBL | VBR | PNL | PNR

VSL | 1.0000
{0.0000)

VSR [ 0,7927 | 1.0000
(0,0001); {0.0000)

80| 1.0000
1| 0.0000)

SNR 5| 0,592 1.0000
(0,0001)| 0. 0000)
SPL |0.2763] -0.1899 |-0,9681) -0.0744 | 1.0000
(©.0826){ 0. 1461) ((0,0044}} (0. 5719) | 0.0000)

SPR | -0.0358 | -0.0306 | -0.0385 | 0.0406 | 0,3160 | 1.0000
(0.7859) | (0.8147) | (0.7704) | 0. 7558) ({0, 0138} (0. 0000)

DPL | -0.1010 | 0.0363 | -0.2137 | 0.0290 | 0,5940 | 0.0903 | 1.0000
(0.4427) | (0.7834) | (0.1012) | (0. 8257) {0, 0001} (0. 4924) | (0. 0000)

DPR | -0.0202| 0.0991 {-0.0317| 0.1174 | 0,2641 | 0,6473 | 0,2708 ; 1.0000
(0.8781) | 0.4475) | (0.8098) | 0. 3674) {(0, 0415)|(0,0001)1(0,0364)} (0. 0000)

STL | 0.0411 | -0.0404 | 0.1257 | -0.0387 | -0.0860 | 0.1214 |-0,2652 -0.1262 | 1.0000
(0.7550)| (0.7593) | (0.3384) | (0.7691) | {0.5134) | (0. 3553) |(0,0408)! (0. 3367) | (0.0000)

STR |-0.0450| -0.1072 | 0.0423 | -0.1637 | -0.0839 | 0.1530 | -0.2445 | -0.1549 | 0, 8337 | 1.0000
{0.7330) | (0.4109) | (0.7486) | (0. 2074) | 10.5239) | (0. 2392) | 0.0597) | (0. 2333} |0, 0001}, (0. 000)

RPL msg 1o : 0.0402 | 0.0783 | 0.0512 |-0,8187|0,2056) 1.0000
0 (0.760) | (0.5523) | (0.6979) |(%,0148)/(0,0818)| (0. 0000

(0:0651) 2 {0091
RPR | 0.2115 4| 0.1801 | -0.1453 | -0.0191 | -0.0100 -0,8767|-0.4813
9} 10.1686) | (0.2639) | (0.8849) | (0.9392) |(0, 0030

0. 1048) 0. ‘
VBL | 0.1723 1 -0.1438 | -0.0882 | 0.2133 | 0.0196 | -0.2116 |
0.2731) | (0.5030} | €0.1019) | (0. 8820) | (0. 1046)

(0.1881) | 0,140
VBR | 0,3095 | 0.2415 | 0. B 0.1167|-0.1508 | 01409 | 0.0709 | -0.1550
)] (0.3748)| 0.2459) | (0.2829) | 0.5872)|(0.237D) (:0563 (0.0001) 0. 0000

{0,016 mos‘os),;,”; {00815 04801 (0.0817)
PNL | 06,1007 | 0.0898 0.1094 | 0.0106 | 0.0983 |~0.2167 | -0.0867 | 0.0587 | 0.0019 | -0.1155 | 0.0289 | 0146 | 0.0116 | 1.0000
6.4055) | 0.9359) | (0.4551) 1400963} | (0.5101) 1 (0.6558) | (0. 9884) | (0. 3795) | (0.8266) } (0. 2703) | (0.9301) | (0. 0000)

(0.4439)| (0.4951)
PNR {02384 0.1921 | ,3007 | 0.0474 | 0.0595 | 0.1250 | 0.1525 | -0.0856 | 0.2406. 1 0,2477 | -0.0703 | -0.1250 | 0.0773 | 0.1164 | 0,7199 | 1.0000
{0.0866) | (0.1380) (0, 0196)| (0. 7165) | 10.6519) | (0. 3371) } 0.2447) | (0. 5120} | (0. 0640) | 0.0775) | (0.5936) | (0. 3338) | (0.5570) | 0.3717) |(0,0001)| (0. 0000)

1) abbreviation : VS8L(Vascular Symptom, Lt), SNR(Sensori-Neural symptom, Rt), SPL(Systolic Pressure,
Lt), DPR(Diastolic Pressure, Rt), STL(Skin Temp., Lt), RPR(Recovery time of nail-bed Press test,
Rt), VBL(ViBration perceptional threshold, Lt), PNR(PaiN perception test, Rt)

2) this matrix is made of test results on one finger before cold water provoking : the most inconvenient
finger, otherwise 3rd finger.

3) bold cell : statistically significant (p < 0.05)

4) shade cell : statistically significant or borderline significant between different methods

04 | 1.0000
B (0.0000

10,7583 | 1.0000

s
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Table 12, Comparisons of test methods between vibration workers and controls (n=61)

Variables Vibration workers(n=46) Controls(n=15)
Hand Left (Mean,SD) Right (Mean, SD) Left (Mean, SD) Right (Mean,SD)
Finger | 2nd 3rd 4th 2nd 3rd 4th 2nd 3rd 4th 2nd 3rd 4th

121.39 127,51 13131 128.86 131.78 13116 | 127.93 126.07 125.67 12293 126.86 130.00
(1319 (13.74 (1829 (13.53 (11.89) (15.40) | (1359 (10.75) (14.08) (10.25) (9.86) (10.11)

72.87" 8151 84.47 80.72 8322 8133 82.33" 80.13 86.67 76.93 86.21 8327
(15.76) (14.28) (17.56) (13.28) (9.66) (16.51) | (12.26) (1257 (1L20) (1439 (849 (14.79)

Systolic pressure'

Diastolic pressure'

G . 39.34 40.65' 41.97 44.04
Tasp powet (5.89) (6.01) (.12 (6.79)
Skin tempera- 3223 3231 3230 3287 3294 3286 | 3141 3163 3158 3202 3194 32.07
ture(0)" @5 @7 (284) 79 (.04 @330 | B0y (3 G5 (16 (38 @l
Skin tempera- 17.73 17.97 17.85 18.01
ture( 1)’ {2.68) 2,99 (4.12) {3.56)
Skin tempera- 22.96 23,53 23.69 23.90
ture(I)" (4.23) (4.15) (5.15) (4.60)
Skin tempera- 24.63 25,40 26.01 26.20
ture(l)* (4.75) (4.79) (5.61) (5.38)
Nail-bed press 158 L53* 146* 158 14l 144 111* L15* Los* L4 L2 115
test(0)' 058 (.79 0.9 (@20 (LoD (18 | ©.20 030 029 0.3 04 (0.43
Nail-bed press 4.07 6.20 1.74 1.75
test(1)* (8.83) (14.62) (0.68) ©.72
Nail-bed press 2.95' 3.55 1.37 1.47
test(1)* (7.21) (9.38) (0.64) (0.88)
Nail-bed press 1.91 2.85 1.18 1.30
test(I)* @1 (7.38) (0.51) 0.79

Vibration perceptional | 29.11  30.73' 3L20'  30.37 32.85 32.89* | 27.20 26.53 27.07 2821 21.71 2713
threshold (250Hz)* 4.96) (6.76) (7.36) 5.64 (949 (883 6.00) @90 .19 .24 (.59  (5.90)

Vibration perceptional | 45.93  47.40° 48.64°  47.93 4841' 49.60* | 43.00 4320 43.07° 4414 44.50° 43.40°
threshold (500Hz) (0)" | (6.50)  (8.20)  (7.95) (7.49)  (7.65)  (7.96) (1.5  (6.03 (6.37) .70 (1.5 (6.77)

Vibration perceptional 60. 46 60.15 56.20 56.73
threshold (500Hz) (1)’ (6.47) (7.32) (9.50) (9.15)
Vibration perceptional 57.39' 57.50 52,53 54.33
threshold (500Hz) (1)' (7.81) (1.76) (9.33 (9.43)
Vibration perceptional 54. 89" 56. 33" 49,33 50.60*

threshold (500Hz) (I)' 9.27) (8.62) (10.10) (9.05)

* @ p<0.05 in same fingers between two groups, § : 0.05 < p < 0.10, in same fingers between two groups,
t : tested by student’s t-test, 1 : tested by wilcoxon rank sum test

(0) : before immersing into cold water, that is, baseline(Omin) data

(1) : immediately measured data after drawing out of cold water, that is, 10min data

(1) : elapsing 5min after drawing out of cold water, that is, 15min data

() : elapsing 10min after drawing out of cold water, that is, 20min data

cf. vibration perceptional threshold at 250Hz has just baseline data, because these thresholds at 250Hz
increased too high to detect (60dB) among over half of subjects, after cold water provoking.
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Table 13, Number of cases with decreased pain-perception threshold and altered threshold level between

before and after cold water provoking

Variables Vibration workers(n=46) Controls(n=15)
Hand Left (%) Right (%) Left (%) Right (%)
Finger 2nd  3rd  4th 2nd  3rd  4th 2nd  3rd  4th 2nd  3rd  4th
Decreased pain-perception 20 22 21 2% 2 23 4 5 6 4 5 6

threshold cases (baseline) (43.48) (48.89) (46.67)

(54.35) (63.04) (51.11)

(26.64) (33.33) (40.00)  (28.57) (35.71) (40.00)

Altered pain-perception
threshold between before and
after cold water provoking

6
(13.33)

3 3 2
(6.52)

(20.00) (13.33)

§:0.05 < p<0.10, in same fingers between two groups.

LA |

Agol 9% AFNE FHEsA Hrlsr A3l
Me F3FAL NE8Y, 53 7L OiF ¥
& el "aesiel, ¥eran fANAM E99
9 TE A LA U] g AFaidaEe]
FAol U AP ANFAE Basy B A7
e AL(1~29) 9 F¥HAY, 3 AR A
FoAARFEe] oln] A (20~21¢) M 308l
2 s, At £ 24420 923 G
Ag 7120 R FAe] vf¢ EG deEen
2, dpg J)&o] At HAle) Ane] A9 AygE
0]z & Aoz RG], EI HAA oA
AHEol HAF 308 ol FAsHA ¥ AHlolA
AAFE Agstdeng Edo o8 F4 9 =3
HA3EAE Aoz y7iEn,

A7 T AYEF| WE AgEE £3H
Hlmell A =A4Ae] Y £3A¥ET dd A
FEg4Fol vl & A& ¢ F UMY, ¥ A9
EgE AFAPEFTAA Bt AR (2]
), BelaEs 2o e AFErARen G
Ae FAYAEe] 2] G 2E8E XTEE Y
WAl £ Faf A2 ojmW HAPoM 71}
AFE20L AGA 2R AL € 5 Ao

GG EY ZAHFARPNA, XN} 15T 1]
T AL, B Aol AR A2ARE EEF
AAEA) Rale], AA2 10809 YAR3 2F(10
min data)oll A AEE oA FAxLAF 1070, 5

A% 12708 SAMRLEE 14.9CE A - Y8
Fen, I FAME 1% Jzest F8F 10820
min dataj°] AT AF FRANRRe] J5
o] glolM BE EAAE 14 9CE Hlslych g
#A4e] B ol9} vlsdla, 250Hzel A= ¥zt
K3 A% 250Hz FE3HA el F3AR] 60dB
£ de AR e A7t AA ddA 61 Fell
A 333l @it o] WMF AME AT FAHA @
A AejAA WR3, 500Hze] B3 23§AQ)
65dBE W& Alge] 108-3tel WzRsl A% 1490
A (10 min data), ¥Z%3 F8F 108 A
& THeE Z0]5°1(20 min data),
66dBol2k= FYUF gto g 2% Ha)sie B4 o
£8 & Ak AutAo g o|EMY ZFHPAE
£ 7Sl B QEFELS AA AFERD HA
HAa4E oz AMeEo] Yo, E4] ol2idt FHRe
2 Al Y 4 ole vlolotae AT AHE
5 T3tel] abolr} gle W (toward null) o2 HAH)
AN £ g Ao Y 4 Uk

£ AFojre} o] FAZ ol diste yhEsl]
238 Ay #o] e APe o] FPAEo] ME A
71284 (autocorrelation) & 7HXla glemz o9
gotE R4S ool §), 7]F T repeated
measures of ANOVA o g B4sion, o=
A&A7} S record® FAA AstAG E
kel JFONE record B2 712719 AW E B
doll whr] RlEE thazte] §AI7E el el
Apdelr), oo £ dApoMe o|2§ IAAE FEE
4 e BAEe REM(random effects medel)

e
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Table 14, Longitudinal data analysis on skin temperature, nail-bed press test, and vibration perception-
al threshold between vibration workers and controls, by using REM (random effects model)

. . Tests of
Variables” Solution for fixed effects fixed effects

Effect Estimate Std error P-value P-value

LN [LN (skin temp., Intercept 1.1576 0.0112 0.0001 0.8799
left one finger)] Gr -0.0020 0.0129 0.8799

LN [LN (skin temp., Intercept 1.1592 0.0115 0.0001 0.9794
right one finger)] Gr 0.0003 0.0132 0.9794

LN [LN (recovery time of nail-bed Intercept 0.2056 0. 0458 0.0001 0.0028*
press test, left one finger)] Gr 0.1611 0. 0528 0.0028

Intercept 0.1972 0. 0559 0. 0008 0.0613'
Gr 0.1216 0. 0644 0.0613

LN [LN(recovery time of nail-bed Intercept 0.5019 0.1803 0.0079 0.0180"
press test, right one finger)] Age 0.0111 0. 0046 0.0180
Intercept -0. 3667 0.1351 0. 0088

Gr -0.1072 0.0641 0.0967 0.0967°

Age 0.0076 0.0034 0.0285 0. 0285*

LN [LN (vibration perceptional Intercept 1. 3504 0. 0069 0.0001 0.0072"
threshold, left one finger)] Gr 0.0218 0. 0080 0.0072

Intercept 1.3544 0. 0066 0.0001 0.0127*
Gr 0.0194 0.0077 0.0127

Intercept 1.3414 0.0190 0.0001 0.0841°
Age 0.0009 0. 0005 0.0841

LN [LN (vibration perceptional Intercept 1. 3561 0.0085 0.0001 0.0271*
threshold, right one finger)] AT 0. 0005 0. 0002 0.0271
Intercept 1. 3487 0.0162 0.0001

Gr 0.0181 0.0077 0.0195 0.0195"

Age 0.0007 0.0004 0.1113 0.1113
Intercept 1. 3204 0.0198 0.0001

AT 0. 0005 0.0002 0.0376 0.0376"

Age 0.0008 0. 0005 0.1205 0. 1205

*: p < 0.05 by REM(random effects model)

§ :0.05 < p {0.10, by REM(random effects model).

1l : these variables have 4 repeated data(baseline, 10min data, 15min data, 20min data) on one finger
per hand by individual, and have been log -log transformed to normalize.

Gr ! vibration workers = 0, controls = 1

Age ® age in year

AT : daily vibration exposure level (4-hour, m/s%)
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Table 15, Various ergonomic factors affecting HAVS

Job design Work§tat10n Tool design Task factors Individual factors Environmental
design factors

» Work-rest * Working +» Handle design * Postures * Height « Air
patterns heights ~type of grip » Grip forces * Handedness temperature
-duration * Reach ~grip surface » Push forces « Strength * Noise
-frequency requirements -gize of handle » Workpiece s » Skill » PPE

¢ Variation in  * Adjustability -material of characteristics * Susceptibility
tasks « Ability to handle

* Payment change posture -shape of
schemes « Jigs to support handle

* Team and move » Trigger/switch
working workpieces arrangement

& ol g3l E vHEEPE ARE EAYCL

B Ao 23T AAYEFAA EFSEEA
9} B4 T8 AR AR FRAA we
o el 2 R FAHEE Tty 2R/ &
A7 e}, a#eE Eskn oE Aud 23
E3te] A@EA, HEAEAM, AAH zBEEN F
o] AWE E¥ 23% FUAHoln 24 ey
BE 44 AegdE 139 A%E Addted
' EtE 27 gl RS 3 & Ui

T3, AFY #EE A AL 53] FANELE
Y A%, B2 P34 B AFe $4 T 19
slo] ristgdolor sk, EBkAl ®§ ol AR
o] AgH Fol shiolrt

dd AFEZ2HEE F AFHAAVITFH v
AEgse] M Fo3 ZFaoE d=iA e
Y, AR B ArelMe 5 Wi 9
#o g o] oF-whSgAIvie] HERIHNUL ¥, &
SFURE FE A9, FEF FAHFLE,
FE EE¢HAE) e AUEE 88 5+ 9
AcHFEF AFAY7IRE od ZHFEEARAE f9
T TRl AU, o1FA AZ FA s} AR
gro] #AHE olfe, otz & FAVL AFR
el o3ted Kk o] &4E UV WEA Re
2 MZEn ofHE, 2on-ga% HYe $2 A
Bzbd 2 ohe] FEk 0.0005(£0.0002) 24 L &
% AFAHL B F dlen, ol2RY B AT
Mz FA JAFEEFF] AFH (FF3AE, A
ARG Y5 Y Fag BPRUYE A ¢
FEY F Ut

grefel], B AFoIA AMEE HEFFFEF T 7HA
& T 9 ARYA} R 4 A g 7t
Fetn (A 4)F ol &3A, AFFEELE Hag
(12. 17m/sec’) 22 At o ALERbFNA 10%7F
FA A (A 5)E Roled 7xle 2.47d
o], 50%7} ]’4& Hole die 55249 FAE77}
gosts, VEFEE HA1gk(38. 15m/sec’) 28 Al
A 73 10%+ 0.79d0], 50%= 1.76\19] &
217 BegE 3G 5 Utk AAR B A7
A2 e AFFZFEUAIL 718 S Bl
31.37m/sec’(+14.86) 24 10%2 A g3
FR= ) RHESL Holed 7AE 0.96d0),
50%9) SHEE Holy dHe 2.14d9 FEII
gag e AN 4 AH(ISO, 1986).

=22y 00 A 9

95

C : the percentile of exposed persons expected
to show vascular disorder

a, : the frequency-weighted energy equivalent
acceleration for the period of 4hr, in m/s

T, : the exposure time before finger blanching in
years

ol AA ¥ ATHINEY HT AIAAVIL
2l 11.96\d (£4.90) % & di¥|8) 29, ojvi=
2 Ao FE VEAJAAE AL okl 5
Aol e (FHA F)7F lojok & Aoz 3
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g gZley, ole MIEER Ta o] FE
A Yotk AFFE ARE 94 WAL F X
T e 22 o QAEY JF¢E FEE 1
a2 X3 FAAolBR, old W Bo FEH o
7He #siAl, AA AJEAAM AHEHE AU R
TFTY AFEAE TEA FARYAAN AH &

Baln, % 3 A ABARY Az dd A
@ WAHE FUaE, WAL 5 ALY Skl

FFE F F U B_OJ—;—
HEA] FaEojof 3 R
‘e 2 11%—3}@*]7} Fsede F 7HA
Hol e, e dA AFFTE Y ugF
AIZHE BEE FAske woln, EAle A
TTE AHESte ZERACNA 3R F JFAGA
o] duh} HeA] EojHe wWyloltt. £ dFe
1 oA & A P& AHgsten, dil od
FE AAAYPAE T JFHA] o= FHx
&L A erte e ez FEE &
< FESA HEg FF F AA AFF2ARY
of Hjgle] ZEA} I FRAIZIe) dukHon
HRsHA FHHE LF/FE HE 247 Utk =3,
o7 7He] AFFTTE B AHgste A= &
Zto]l AFgFTHEE SR EF ATHIAN B
oe, dAZe Ox #JS AlZbEtie Abgsin
s R g FHHV|E g

AYe) nejshs 2o
QzhEy,

._4

of

S

=

rfl 10 od

YoMz AFe uie} o}, 7t AFFTe EA
< AEs FugstE AeSFE & A,
olE U AFFZH FA Fol wrdolo} &t

v, AHAQ T2 AR AU lA o] FojA]A]
Rete] 71£9] & A7 (e e, 1996) &
28 SHE B AR d¥ 15T 7] e
Ve 7R EE & AFudRES AT 54
o7 A8EHA7] Wi, o HHAHE fi3re]
a7t HAT £ UANS Ao Hgzbdch ey
FF AN E o] E FAA A3tz e A
FIFTE B RAFF, &R H) e g A3
B7HE ZeEe], o2y 2o tekg A FErA
225 HE AE He A7t wagseor & A
o]t} (Table 15).

2 AF27E Al B (walk-through survey)
& Falo] AR viRe, YA IS sl A}
dF FEZ T2 TEAEC] AYHF A B

€ olfE, AFTTY HAFAFTE AAse dE
ol &3] 3li1, ol& s} MFol FFE tiA 3
A d=gd 3o A, gedA JAedE ¥
2 tAAme Y =E2HT S-S I + 3
A=, olHg EAES A5 Hae AYE
el gte FFTTe T8 A AdFgel o
g 2 kAR Ee, WA F AU BT
A g g, a1 8T e A d-F
2] i€ (work-rest pattern) &3 T2 2T
Al EQlo} Wasojol & Aor YA
= ATl Brtstnat P9 ARSI E
B A% 2AzFAErE FAEREAL 4EA
Ah FAIR2EZHAL SEGHHA, 24
Al BFHA Bolth B AFFEIE olE FelA
ggs s 2 @43 HErbedel s ¥ B
of 23 AzFdHst & EFGHAEAY, aEn
FFAAHAY 7 fr8&Ee FAsta k(= o]
gt AFE YAFEHAL d - FollAM WY E A
o]2 Holz| ¢z lemg olulx YzEsEE
ozl APx= FF JANGIHNF TFAFNA %
ole & Aos AZEY). wepd ojFellA Rt}
HAAol 1 A FMGrHE st ?‘}‘ég 44
o AFAAHAE A 2o U ST
9 x4 Fol AR FalHojop & Ao "QZJ(%‘E}

=0
=21

¥ d7e ARG dhEe E+4
GHANA AN FEeR HFd AE % ol A
Az ofd ¥FE5o] d¥rtestn @A Pt
HE & YristeA g Wlaa F3HAT

1. 9A g} #-ho] 3ls Aoz AAEe

Fa8 s 993 F9HE vnaden, AE
2917 (n=46) 3} ¥ TF (n=15) ZTrel e He1@ Aol
7 agiet.

2. 3% EREE o83l X0 o434l %

© Ass 498 ARE AEAQT 4695 312
(67.39%) 2.2A, Z4e] ezl Al Ade
AANF B 9,139 Ao BA=C,

3. gRAS FAUAA ALY 2FOIN AE
Agi ol MTE] Hstel 4 FHEe] FA5H
Estom, AR B4 FUED BRE W, ¢
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F&o] A&ERT 1,564 24 Jebdh
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